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MECHANIOAL PROPERTIES OF FLUSH-RIVETED JOINTS
SUBMITTED BY PIVE AIRPLAHE MANUFACTURERS
By William Charles Brueggeoman
INTRODUCTION

Information on flush-rivoted jolnts for anircrnft con-
struction is groatly needed in tho present emorgoncr. The
Nationnl Buroou of Standards 1o investigrting tho mochanical
properties of flush-riveted Joints at the requost of tho
¥ational Advisory Oommittoe for Aeocronsutics snd with the co-
oporetion of tho Air Corpas, Wer Dapartmont; the Burecu of
Aoronautics, Navy Dopnrtment; ~nd the Civil Acronautics Ad~
ministrntion, Dopartmont of Commorce.

From tosts on a serlos of standardized spocimons obtoinod
from o numbor of alrplene manufacturers, tho strength, ococur-
rence of defocts, and offoct of the angle of tho rivot ho~d
hrvo boen dotorminocd. The spocimons represent combinetions
of structural memobeors frequontly joinod by flush rivots ord
wore dosignod to nfford a comparison botweon tho differont
types of rivot and rivetlng procoss.

Tho prosont progrem contomplates toste on sorles of
spocimerns from 15 manufacturers of which 5 sories hovo boon
completod and arc roported horoin., Aa soon as tests woro
complotod on onch sorios tho rosults have boon mrdo avoilablo
in thc form of o progre-s roport to governmontrl agonclos and
to tho mrnufacturor. Afteor all the spocimons aro tostod it
1s oxpocted thet o roport summarizing tho results ard comaring
in dotell the sevornl types of Joints will boe published. How-
ever, duo to tho immedinto neod for this informntion, tho ro-
gultes will be roleased from time 40 time in the form of o

Progross SULMATY.
SPECIMENS

Tho enocimons compliod with "Specificrtion for Flush—
Riveted Tost Spocimons, Seoond Berlos," which wns properod
by the letional Burocau of Standards for this invostigntion.
Shearinz and tonsile spocimons typos I to VI aroc showvm in
figurc 1; spocimens VII, VIII, ~nd IX aro oxhibit spocimens
ghowlng constructional dotalls of tho joints; spooimona X
and XI contain a sufficiont numbor of rivots to dotormino tho




frequency of cracks and consist of a palr of dimpled eheets
Joined by 50 flush rivete as follows:

Sheet Rivet
Specimen thickmees diameter
(1n.) (in.)
X 0.025 1/8
X1 . 064 3/16

The mamufacturers! namees are not given but the manufac-
turer and his gpecimens are designated by the number of the
progress resort in which the results were glven. Manufacturer
1l and 5 are the same; the two numbers refer to his countersunk
(the term "countersunk" refers to the sheet adjacent to the
manufactured head of the rivet) and dimpled specimens, res-
pectively, which were revorted separately. Thus there were
5 manufacturers and 6 reports.

The rivets were the following:

Revort Eoad Alloy**
Angle diameter* depth*
(deg.) a d
1 and 5 115 2.05 0.37 Al75-T and 24S-T
) 78 1.60 .37 A1785-T
3 115 1.30 .29 A17S-T
4 7¢ - 1.60 .37 Al75~T and 17S-T
6 100 1.83 .37 Al75-T and 245-T

*q = nominal shank diameter. In some cases the head
proportions varlied slightly for mome sizes; the
value given is approximately the average.

**5s stated by the manufacturer.

Egch menufacturer stated that the sheet alloy was alclad
245-T except that manufacturer 4 stated that the alloy for his
specinens was 24S<T. Shearing tests of the rivets and tensile
tests of the sheet were made by the National Bureau of Standards



to determine compliance with Army or Navy epeclfications. The
shearing and tensile properties, resvectively, complied with

rial as described by the mamifacturer.

¥rom the manufacturer's description of the riveting proc—-
ess 1t 1a belleved that the sheets were separately dimpled in
all cases. Generally the male dimpling tool for the surfacse
sheet had an included angle about equal to that of the rivet
head, but tho female had a greater angle. Both had a greater
angle for the sheet underneath the surface sheet; thls under—
neath gheet was countersunk in .the type~IV gpecimens of report
6. A few of the rivet holes showad evidence of being roamed
after dimpoling, probably for the purpose of alinoment. Most
of the holes were burred. BRivets were driven by squeozing,
one~shot impact, or repeated impact. Tool drawings submitted
by mamnufacturers 2 and U4 showed similar dimpling tools and
eimilar constructional practices.

TESTS

Tenslle loads were applied to the shearing specimens to
cause shearing and bearing loads on the rivets. The slippege
was determined on at least one shearing specimen of each kind
by applying a load, unloading to almost zero, measuring the
slippage, applying a greater load, etc. The slippage was
measured by soribing a2 line with a rasor blade on the edges
of the overlappling sheets opposite a rivet and measuring the
offeet in this line by means of a Brinell microscope (fig. 2).
Tho offset was measured for each load after that load had
been applied and released to almost zZero. Offsets measured
on both edges of the specimen were averaged. Generally the
naximum load was determined on three shearing specimens of
each kind.

The tonsile specimeng were attached to the testing machine
as shown in flgure 2 and the breaking load was determined.
Three or four spccimens of cach kind were tested.

Specimens VII, VIII, IX, and in some cases shearing
specimens representing several combinatlions of 4 and &
were gectioned for ezamination to detormine the construction
and the occurrence of defecta. The rivets of specimens X
and XI were drilled out and the sheets were examined for cracks.




RESULTS

Ioad~slippage curves were plotted for all shearing
epecimone on which slippage was determinod. HNominal shearing
and bearing stresses corresponding to slippages of 0.0l4d,
0.03d, and 0.05d4 for some manufacturers, 0.01d, 0.05d, end
0.104 for others, were determined from these curves and
plotted in figures 3, 4, 5, and 6. In these figures the co-
ordinate axes are the shearing stress 6; and the bearing

stress Sy. A circumferential scale of dft determined by
eliminating load from the relationships

-]
load =‘I%- Sy = dt8, for types I end III

a
load =2 -"-[dr 8y = 2415, for types II end IV

is also shovm on the grophs. The hollow characters {circle,
triangle, or square) on a radial line indicate the stresses
corresponding to the three slippages for one specimen whose
d/t ratio corresponds to that line. The maximum stresses
for this specimon are indicated by a eolld character. Othor
solid chargcters on or near the radial line are the maximum
atresses for additional shearing specimens of the same kind.
In computing stresses and d/t ratio tho nominal rivet diam-
eter d and the moasurod sheet thickness t as ehown in
figure 1 were used. Where ithe Joint contained two sheetas of
the same nominal thickness but different measured thickness,
the measured thlckneas of both was averaged.

The tensile strength was computed for the temslle spe-
cimens by dividing the breaking load by the nominal cromse—
sectional area of the rivet. The ;ults are given in
figures 7 ond 8.

Photomacrographs of the sectloned specimens are shown
in fizures 9 to 11 and 13 to 15. Figure 12 shows radial
cracks in report-2 specimens.

For the purpose of comparison, the manufecturers are
llsted below in the mequence of decreasing shearlng and
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bearing stress at & glven slippege or at failure. (No. 1 of
the sequence showed the greateat stresses at a glven slippage

-.or abt failure.) - ---- )

The sequence was determined by the magnitude of the
strocees over a range of d./ t at whlch a glven slippage or
failure occurred. In somo cases 1t was difficult to determine
the sequence due to the scatter of the points ard to the fact
that the segquenco frequently varied with the d/t ratio. In
these cases tho assigned sequence depends on porsonal judgmont.
Vhere several repcrt numbers are underlined the rossults are
Judeged to be ebout oqual.

In comparing the epecimena 1t 1s necessary to evaluate
tho effect of the rivet clloy. All of the manufacturers usod
A175-T rivets, but manufacturers 4, 5, and 6 usod strongor
alloys in addition for scmo ewoclueons, particularly in the
3/16-inch and 1/4-inch diameters. The graphs for mamufacturer
6 suggost that the use of 2US-T for the lowoer d/t ratios
whoere the gpeoclmons are critical in shearing would improve the
slippage and the strength. In report Y,175-T-riveted spoci-
mons (d/t = 3.1) bod less slippage and groator strength than
comparable spocimens emplioying Al17S5~T rivets. Report 5 shows
1littlo offcct of the rivet alloy.

The teble shows that, in gcnoral, report-6 dimpled snoci-
mene hnd the least slippage for typos I end II, report-i for
types III end IV; one or tho othor of roports 4 and 6 showed
tho grcatost broaking strongth for the four types. DReports
2 and 3 showod the least slippage for countorsunk svecimens.
The broaking strength of report-5 dimpled tensile specimens
was tho greatcet. Thus no report ahowed superiority for all
types of spocimen. )

Figure 9§ shows, at the lower right, a joint in vhich the
countersunk head extends practically through the second sheet.
Thie condition is believed to be conducive to slippago vhere
tho head angle is as great as 115° and to facilitato lapping
of the upset shank ovor the root of the manufactured hoad.

Gonerally the conformance of the sheets to each other and
to tho rivet at the dimple is belleved to bo good and thors
were few obvious defocts, such as clearances, cracks, volds,
etc., which would oxplain difforonces in behavior. Anguler
clearance in some machine—countersunk specimene is ovident in




figure 9 vhoro manufacturer 1 used a 120° countorsink of his
115° rivet. Occasional slight clearance of a dimvled shoet in
tho machino~countersunk backing member may bo seen in soctionoed
specimons for several manufacturers.

Redial cracks were found only in specimens X and XI of
rovort 2 as shown in figuro 12. These occurred in one or the
othor sheet or both at 8 percent of the rivot holes in spocimen
X and 62 porcont of the holcus in cpecimon XI. Moct of the
cracks woro quito sm:ll but a fow oxtondod almoat to tho rim
of tho dimple. No circumferential cracks were found.

National Burcau of Standards,
Washinzton, D. C., January 15, 1942.



TABLH

SBQUENCE OF HEPORT NUMBERS FOR DECHEASING STHESS
CORBESPONDING TO A GIVEN SLIFPAGE

Slippago = 0.01ld
Dimpled Countersunk®
Sequenceo Soquoneco
Typo 1 2 3 L4 5 1 2 3
1 E R = - - 5 2 1
11 2 5 3 4 2 3 1
11l - e o = - 2 3
v 2 4 3 5 6 3 2 w
£lippage = .0hd
I 6 2 5 4 3 3 2 1
11 6 2 5 4 13 2 5 3
III Yy 2 3_6 5 2 3
v ¥ 2 3 §5 6 3 2
Slippage = .104
I 6 4 &
Il 6 5 L4

G

Sequence for decreesing shearing strength

I 6 2_4% 5 3 1 2 3
11 6 5 2__4 3 2 1 __3
III 6 4 5 2 3 PR
Iv Yy 5 6 2 3 2_3 ™

Sequence for docreasing tensile strength

v 5 6 2 % 3 2

VI B o6 3 2 ¢ 3 2

*A176~T rivots.
*#Manufecturer 1 did not submit types III, IV, V, and VI,
~The points wero too scattered to determine the sequence .

#Manufacturer 4 submitted tensile specimeons but tholr range of
d/t does not permit a good comperison with other specimens.
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Figure 2
measuring the slippage of a shearing

T

specimen by means of a Brinell microscope.

Above, tensile specimen and fixture.
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Figure 9. Cross section of specimens from reports 1 and 5,

The specimen at the lower right consists of a 4-in. 24ST rivet in
0.064-1in. sheets. A shearing load of 400 1b per rivet had been ap-
plied prior to sectioning, otherwise this specimen is nominally the
same as the one directly above it.
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Figure 10. Cross section of specimens
from report 2. '
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Figure 11. Cross ;ection of additional.specimens
from report 2.
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Figure 12. Radial cracks at dimples of specimens from report 2.
On top, specimen X; on bottom, specimen XI.

The sheets are those adjacent to the driven head.
Most of the cracks were smaller than the ones shown.
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Figure 13. Cross section of specimens
from report 3. -
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Figure 15. Cross section of
specimens from report 6.
Construction A on right as
dlstinguished from construc-
“tion B was used for all
dimpled type-IV specimens.
Dimples from specimen XI are
shown above.
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